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PERFORM CHANNEL ANALYSIS ON SET 
OF N BINS 



CALCULATE CAPACITY OF EACH BIN 



(54) Method for allocating data and power in a discrete nniultitone communioatlon system 

(57) In the present invention, a can-iers associated 
with a discrete multitoned {DMT) communications sys- 
tem (10) are configured. In one embodiment the carriers 
are sorted according to bit allocation capacity. The 
number of bits needed to attain a specified bit rate are 
then allocated beginning with the carrier having the 
greatest bit allocation capacity and proceeding toward 
the canrier having the least bit allocation capacity untii 
all bits to are allocated. Once allocated, the power to 
any unused bins is reduced. In another embodiment, 
unused bins would include a bad t)in, where a bad bin is 
identified as a carrier that is not capable of successfully 
transmitting data to the destination. A marginal bin is 
identified as a carrier that may be capable of transmit- 
ting data to the destination. The power to a bad bid is 
reduced and allocated to the marginal or good bin(s) to 
allow an increased bit rate. In another entKxiiment, the 
power to marginal bin Is reduced and allocated to the 
goodbin(s). 
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SORT CARRIERS GREATEST CAPACITY TO 
LEAST -CAPACITY 
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ALLOCATE DATA TO CARRIERS IN SORTED 
ORDER UNTIL DESIRED CAPACITY IS MET 
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REDUCE POWER ON UNUSED BINS 
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Description 

Field of the Invention 

[0001 ] This invention relates generally to a communi- s 
cation system and more specifically to a method tor 
configuring a discrete multi-tone system. 

Background of the Invention 

10 

[0002] In order to make high data rate interactive serv- 
ices such as video conferencing and internet access 
available to more residential and snnall business cus- 
tomers, high speed data communication paths are 
required. Although ffoer optic cable is the preferred is 
transmission media for such high data rate services, it is 
not readily available in existing communications net- 
works, and the expense of installing fiber optic cable is 
prohibitive. Current telephone wiring connections, 
which consist of twisted pair media, were not designed 20 
to support the high data rates required for interactive 
services such as video on demand or even high speed 
interconnects. In response, Asymmetrical Digital Sub- 
scriber Line (ADSL) technology has been developed to 
increase the transmission capabilities within the fixed ss 
bandwidth of existing twisted pair connections, allowing 
Interactive services to be provided without requiring the 
Installation of new fiber optic cable. 
[0003] Discrete Multi-Toned (DMT) is a multi-carrier 
technique that divides the available bandwidth of a com- so 
munications channel such as a twisted pair connection 
into a number of frequency sub-channels. These sub- 
channels are also referred to as frequency bins or carri- 
ers. The DMT technique has been adopted by the ANSI 
T1 El .4 (ADSL) committee for use in ADSL systems. In as 
ADSL. DMT is used to generate 250 separate 4.3125 
kHz subHJhannels from 26 kHz to 1.1 MHz for down- 
stream transmission to the end user, and 25 sub-chan- 
nels from 26 kHz to 138 kHz for upstream transmission 
by tiie end user. Each bin is allocated a number of bits 40 
to send with each transmission. The number of bits allo- 
cated per bin to an ADSL system are 0, and 2-15 bits. 
[0004] Prior to ti^ansmitting real-time data with an 
ADSL system, an Initialization process occurs. During a 
first portion of the Initialization process, an activation 45 
and acknowledgment step occurs. It is during this step 
that a transmit activation tone is generated following 
power-up of the ADSL system. Transceiver training is 
the next step of Vne initialization process. During trans- 
ceiver training, the equalization filters of the ADSL sys- so 
tem are trained and system synchronization Is 
achieved„ Next, channel analysis and exchange are per- 
formed as part of the initialization processes. During the 
channel analysis and exchange, the Signal to Noise 
Ratio (SNR) of the channels is determined, and bit load- ss 
ing configuration of the bins and otfier configuration 
Information is transfen-ed. 

[0005] Subsequent to tiie initialization process, real- 



time data transmission begins. During real-time data 
transmission, proposed implementations of the ANSI 
standard require that each can-ier be transmitted with a 
nominal amount of power. The nominal amount of 
power is proposed to be a full amount of power tiiat is 
approximately tiie same across all bins, as only a fine 
power gain adjustment variation occurs between carri- 
ers. However, there are disadvantages to assigning the 
nominal amount of transmit power to each carrier For 
example, one problem is that there is unnecessary 
power consumption associated with assigning a nomi- 
nal amount of power to a carrier that is not transmitting 
any data. This occurs when tiie requested data rate is 
less than the maximum data rate achievable an tiie line. 
This additional power results in additional system costs 
in terms of power consumption. Another Issue of trans- 
mitting power on unused bins is that as a carriers signal 
is attenuated over long line distances, there is a point 
where data cannot be transmitted with a desired cer- 
tainty. When tills occurs, the bit allocation capacity of 
tiie bad bin is set to zero, however, under proposed 
Implementations of the specification, Its transmit power 
remains allocated to tiie now unused bin. Therefore, 
there is a high cost in power even when there is not a 
high data rate. Another Issue with the ADSL specifica- 
tion is that crosstalk interference occurs when signals 
are being transmitted at similar frequencies on adjacent 
line. 

[0006] Generally, over one-half of the power con- 
sumed by a typical DMT system is consumed by the line 
drivers. In addition to the thermal issues associated witfi 
increased power, there Is an additional problem that 
crosstalk from adjacent phone lines can inaease line 
noise levels as much as 40 dB. Therefore, it would be 
beneficial to optimize power consumption of a DMT sys- 
tem, and reduce cross-talk between adjacent twisted 
pair wires. 

Brief Description of the Drawings 

[0007] The invention will be described with reference 
to the following figures: 

FIG. 1, illustrates an ADSL system in block form; 
FIG. 2. illustrates an SNR reference table; 
FIGs. 3-8, illustrate in flow diagram form, specific 
metiiods for 

FIG. 9, illustrates a graph of increased bit rate ver- 
sus the number of used carriers. 

Detailed Description of the Drawings 

[0008] FIG, 1 Illustrates an ADSL system 10. The 
ADSL system 10 comprises a remote terminal 20, and 
a central office 30 connected by a twisted pair transmis- 
sion media. The remote terminal 20 and central office 
30 each comprise a system controller 22 and 34, 
respectively. In addition, the remote terminal 20 and 
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central office 30 respectively comprise a transceiver 24 
and 32. The ADSL system 10 is capable of Implement- 
ing the present invention In operation, the central office 
30 transmits downstream data across the transmission 
media 15 to the remote terminal 20 The data is 
received at the remote terminal 20 by the transceiver 
24, which provides the received data to the system con- 
troller 22 for further processing. In a likewise fashion, 
the upstream data would be transmitted from the 
remote terminal 20, across the transmission media 15, 
and received by the central office transceiver 32, which 
provides the data to the system controller 34 
[0009] FIG. 2 illustrates an SNR reference table for 
use within the ADSL system 10. The SNR reference 
table Indicates an SNRref value, which is the SNR 
needed for a bin to transmit a specific number of bits at 
a specific Bit Error Rate (BER). For example, according 
to the table of FIG. 2, a bin which is determined to have 
an SNR of 30 would be able to transmit seven bits of 
data. Also, the values of SNR reference table will vary 
depending upon the type of error correction used, if any. 
For example, the use of error correction could reduce 
each SNRref value in FIG. 2 by three. This reduction 
would allow a bin having a SNR of 30 to transmit eight 
bits. Generally, the SNR reference table will be empiri- 
cally derived, but can also be derived based upon simu- 
lated or theoretical results. 

[0010] FIG. 3 illustrates a method for implementing 
the present invention. While the specific embodiment 
will address a specific DMT implementation, it is to be 

understood that the present invention applies to any 
DMT implementation. At step 311, an analysis of an 
ADSL channel is performed. In one embodiment of the 
present invention, the channel analysis step 31 1 would 
return a signaMo-noise ratio (SNR) for a channel in an 
initial state., Generally, the channel analysis step 311 of 
FIG. 3 are performed as part of the initialization proc- 
ess. However, other implementations where the steps of 
FIG. 3 are performed during real time operation are 
anticipated by the present invention, 
[0011] At step 312, the data capacity of each bin is 
calculated. In one embodiment, the data capacity is cal- 
culated based upon the SNR of a carrier, as determined 
in step 31 1 , and the SNR reference table of FIG. 2. The 
data capacity can be determined by identrfying, for a 
given SNR reference table, the maximum number of bits 
that can be transmitted. For example, according to the 
table of FIG. 2, the maximum number of bits that could 
be allocated to a bin having an SNR of 32 is seven bits. 
[0012] Next, at step 313. the carriers or bins are 
sorted from greatest capacity to least capacity. Next, at 
step 314, the data rate to be transmitted is allocated 
beginning with the carrier{s) with the greatest capacity 
and proceeding to the carrier(s) with the least capacity. 
The data capacity is allocated until the specified data 
rate is achieved. By allocated to those bins with the 
greatest data rate first, it is possible to minimize the 
number of carriers used (used carriers) to transmit data 



at the desired data rate. At step 315, the power on the 
unused can-iers is reduced in order to minimize the 
power used to transmit a specified amount of informa- 
tion. Generally, the power will be reduced by at least an 

5 order of magnitude of a the power of a used bin. This is 
advantageous over the prior art which has required 
each channel to nriaintain a nominal amount of power 
whether it is used or unused. By reducing power to 
unused bins, an optimal amount of power dissipation is 

10 possible 

[001 3] FIG. 4 illustrates a different embodiment of the 
present inverttion„ At step 41 1 , for a set of carriers N. a 
subset carrier X is specified. The subset X will generally 
represent canriers which are to be preferred or avoided 
15 during the bit loading allocation process. The subset X 
is then weighted. The weighting can be explicit, 
whereby a weighting value is specified by a user, or 
implicit, whereby the system would have a default 
weighting for the subset X. For example, the subset X 
20 could implicitly be heavily weighted. The function of the 
weighting will be discussed with reference to step 415. 
[0014] Atst^412. achannelanalysisisperformedon 
each carrier of set N. The channel analysis of step 412 
is performed in the same manner as the channel analy- 
se sis of step 31 1 of FIG. 3. as previously discussed. Next, 
at step 413, the bit loading capacity for each bin in car- 
rier set N Is calculated. This step is analogous to step 
312 of FIG. 3. 

[0015] At step 414, the carriers of set N that are not in 

30 set X are sorted from greatest bit loading capacity to 
least bit loading capacity to form a sorted set of carriers. 
This step is analogous in function to step 313 of FIG. 3, 
except that it is performed on a subset of the set. 
[001 6] At step 41 9, the carriers in set X are also sorted 

35 from greatest bit loading capacity to least bit loading 
capacity to for another sorted set. In an alternative 
embodiment, the set X need not be sorted. 
[0017] At step 415. the bins associated with earner 
subset X are inserted or excluded from the sorted set of 

40 carriers. In one embodiment, where the bins of set X are 
implicitly heavily weighted, the set would be positioned 
in the sorted set before, or after, bins meeting some pre- 
defined criteria. For example, heavily weighted bins 
could be positioned before the bins with the greatest 

45 capacity In another embodiment, the heavily weighted 
bins could be positioned between bins having a capac- 
ity of ten bits, and bins having a capacity of nine bits. 
Generally, a heavily weighted set is inserted with bins 
having significant bit allocation capacity. In one embod- 

50 iment. where 1 5 bits is the maximum loading for a bi n, a 
heavily weighted set would generally be inserted at or 
above the 7 bit allocation level 
[001 8] In a similar manner, where the bins of set X are 
implicitly lightly weighted, they could be excluded from 

55 the sorted list entirely, inserted after the bins with the 
least bit loading capacity, or inserted between bins hav- 
ing a specified loading level. Generally, a lightly 
weighted set is inserted with bins having low bit alloca- 
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tion capacity. In one embodiment, where 15 bits is the 
maximum loading for a bin, a lightly weighted set would 
generally be inserted below the 7 bit allocation level 
[001 9] In an embodiment where a numerical weighting 
is applied the exact placement of the bins of set X would b 
be placed, or ^eluded, based upon the value of the 
weighting. 

[0020] At step 41 6, the number of bits needed to sup- 
port a specified data rate are allocated to the bins based 
upon the sorted order of the set For example, assuming io 
the set X is inserted between bins having loading 
capacity of 13 and 14 bits. The allocation would begin 
with a bin, not in set X. having 15 bits of loading capac- 
ity. Once the first bin was assigned 15 bits, another bin, 
not in set X, having 15 bits of capacity would be is 
assigned 15 bits, and soon until all 15 bit bins are fully 
assigned. Next, all 14 bit bins, not in set X would be 
filled in a similar manner. Next, the bits of set X would be 
filled prior to the loading of any 13 bit capacity bin which 
is not In set X. Subsequent to each bin of set X being 20 
filled, the filling process would continue with the 13 bit 
capacity bins. 

[0021] FIG. 5 illustrates another embodiment of the 
present invention whereby crosstalk between adjacent 
lines can be reduced. At step 591 , a subset of carriers 25 
X1 is specified for a first line card. At step 502. the flow 
of FIG. 4 is applied to the subset XI . This in effect min- 
imized the number of carriers line card 2 needs to drive 
in order to support a specific data rate. 
[0022] At step 503, a subset of substantially non-over- 30 
lapping carriers X2 is specified for a first line card. In 
one embodiment, the sets X1 and X2 would be mutually 
exclusive in that they would attempt to allocate the data 
capacity to bins operating at different frequencies, in yet 
another embodiment, the sets XI and X2 would be cho- 3s 
sen to buffer used bins in separate line cards from each 
other For exanple, if set XI specified bins 1 -10 as bins 
to be filled first, set X2 would indicate bins 12-21 as bins 
to be filled first To the extent the bit loading capacity 
could be allocated within the specified bins, there would 4o 
be an unused bin, bin 1 1 , buffering the frequency range 
of set X1 and X2. This buffering allows for greater immu- 
nity to cross talk. 

[0023] Once set X2 Is defined, the method of figure 4 
is applied in order to optimize power of the system. At 45 
step 505, data transmission occurs, allowing for optimi- 
zation of power dissipation and linking crosstalk among 
adjacent tines. 

[0024] FIGs. 6-9 Illustrate another method for Imple- 
menting the present invention.. At step 601 of FIG. 6, an so 
analysis of an ADSL channel is performed. In one 
embodiment, the channel analysis would return the 
SNR for a channel in an initial state. Generally, the 
channel analysis and steps of FIG. 6 are performed as 
part of the initialization process. However, other imple- ss 
mentations where the steps of FIG, 6 are performed in 
real time are anticipated by the present invention. 
[0025] Based upon the SIMR value from the channel 



analysis step, it is determined at step 602 which bins 
associated with the channel are good bins.. A good bin 
is defined to be a bin that meets a predefined SNR 
which Is capable of transmitting a minimum amount of 
data. For example, the SNR reference (SNRref) values 
of table 2 indicates that in order to have two bits of data 
allocated io a bin, and maintain a specific BER, that the 
bin needs to have an SNR of at least 14. A channel hav- 
ing an SN R of less than 1 4 would indicate that the chan- 
nel is not capable of sustaining the BER of the table 
while transmitting the minimum number of bits. Gener- 
ally, a bin will be defined as a good bin if a minimum 
amount of data can be transmitted while meeting a pre- 
defined BER. 

[0026] Next, at step 603, any bad bins within the chan^ 
nel are Identified, A bad bin fails to meet a predefined 
performance criteria. In one eniDodiment, a specific car- 
rier is identified as a bad bin if it is determined that no 
data can be transmitted within the predefined BER, 
Generally, this will be accomplished by comparing the 
SNR of a specific channel to the SNRref of the minimum 
amount of transmitted value and determining if a speci- 
fied criteria is met. For example, the criteria may be that 
any carrier having a SNR minus SNRref of -5 or less is 
a bad bin. Therefore, given the table of FIG. 2, any 
channel having a SNR of 9 or less would be classified 
as a bad bin. Generally, a bad bin is not capable of hav- 
ing any data allocated to it. 

[0027] Next, at step 604. a set of marginal bins is iden- 
tified. The set of marginal bins is defined to be those 
bins that are not previously determined to be good bins 
or bad bins. Per the previous example, a marginal bin 
would have a SNR value between 9 and 14. This is 
because a carrier with an SN R of 1 4 or greater would be 
a good bin, and a carrier with an SNR of 9 or less would 
be a bad bin. Other definitions of marginal bins may be 
used as well, for example it may be desirable to define 
any bin not capable of can-ying 5 bits as a marginal bin, 
or based on intervals between SNRref values, 
[0028] Next, at step 605, the transmit power allocated 
to the bad bins is reduced. The power can be reduced 
by a fixed amount, or based upon a scale factor. An 
example of a bad bin having its transmit power reduced 
by a fixed amount would be changing the filter response 
to attenuate bad bins An example of reducing power to 
a bad bin by a scale factor would be to multiply the car- 
rier in the frequency domain by 0.10. By reducing the 
transmit power associated with a bad bin, less power is 
used when there is no possibility of data being transmit- 
ted. This Is an advantage over the proposed prior art 
methods which specify transmit power being main- 
tained on all bins or transmits a small amount of data on 
marginal bins, 

[0029] Next, at step 606, the power on the marginal 
bins is increased. Generally, the power on the marginal 
bins will be increased by an amount made available by 
reducing the bad bins' power, thereby resulting in no 
change in the overall system power. In one embodi- 
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ment, the available power would be used to evenly gain 
ai( marginal bins. In another example, the available 
power could be allocated to any marginal bin based on 
the SNR for each bin, In yet another embodiment, the 
available power would added to the marginal bins capa- 5 
ble of providing the greatest increase in bit capacity for 
the allocated power 

[0030] Next, at step 620, a determination is made for 
each marginal bin having an increased power le/ei, 
whether the power increase results in the marginal bin 10 
becoming a good bin.. TTiis determination can be esti^ 
mated, or determined by a channel analysis on the mar- 
ginal bins, to determine if the SNR value following an 
increase in transmit power is sufficient to support data 
transfer. When a marginal bin is improved, and deter- is 
mined to be a good bin, flow proceeds to step 607, and 
the newly identified good bin is so identified. When a 
marginal bin's power is increased, and determined to 
still be marginal, flow proceeds to step 608. At step 608 
the bin is identified as a bad bin, and the flow proceeds zo 
to step 305, where the newly identified bad bin has its 
power reduced- It should be noted, that it would be pos- 
sible to maintain the marginal status of the bin at step 

608, and attempt to increase the power even more to 
create a good bin. However, at least some of the mar- 25 
ginal bins would need to be identified as bad bins in 
order to free-up extra power for allocation which would 
then be used to improve the SNR of a marginal bin, 
instead of identifying it as bad at step 608, Next, at step 

609. data is transmitted on ail bins defined as good bins. 30 
[0031] The flow of FIG. 6 provides an improvement 
over the proposed prior art by not maintaing a constant 
power level to a bad bin. In addition, the prior art does 
not allow substantially increasing the power in good or 
marginal bins to improve data rate performance. The ss 
present invention allows maximizing the data rate in 
cases where the signal strength would othenA^ise be 
attenuated to the point where no useful data can be 
transmitted and received on at least some bins, 

[0032] FIQ. 7 illustrates another method in accord- 4o 
ance with the present invention. Steps 701 through 704 
are analogous to steps 601 through 604 of FIQ. 6, and 
will not be discussed further. Next, at step 706, the 
power on the marginal and good bins will be increased. 
In this enrtoodiment, not just the marginal bins' power is 45 
increased. This allows for an increased bit allocation to 
good bins and marginal bins alike. The steps 720, 707, 
708 and 709 are analogous to steps 620, 607, 608 and 
609 of FIG. 6, and will not be discussed further herein. 
[0033] FIG. 8 illustrates another method in accord- so 
ance with the present Invention. Steps 801 through 804 
are analogous to steps 601 through 604 of FIG, 6, and 
will not be discussed further. Next, at step 805, the 
power on the marginal and bad bins is reduced, Next, at 
step 806, the power on the just the good bins is ss 
increased. In this embodiment, all available power from 
the bad and marginal bins is reallocated to the good 
bins. This allows for an increased bit allocation to good 



bins. In general, the power would not be increased 
beyond a the amount needed to transmit the maximum 
data capacity of each bin at a specific BER. 
[0034] The increase in bit rate using the present inven- 
tion Is illustrated in FIG. 9. FIG^ 9 Illustrates the bit rate 
gain observed by the inventors when the power associ- 
ated with unused carriers is reallocated. Note, that 
when all 250 carriers are used there Is no power to be 
reallocated and, therefore, to increase in overall data 
rate. However, when only 100 carriers were used in the 
system tested, and the power from the 150 unused car- 
riers was reallocated to the used bins, an increased bit 
rate of approximately 550 kilo-bits per second was real- 
ized.. Therefore, it should be recognized that by reallo- 
cating the power associated with an ADSL system 
provides a performance improvement over the prior art 
standard. The use of the present invention would allow 
for signals to be transmitted greater distances by reallo- 
cating power to the bins that are capable of can-ying sig- 
nals over the additional distance. This is an advantage 
over the pdor art which does not allow for such power 
reallocation. 

[0035] The foregoing specification has identified a 
preferred method for improving power consumption of 
an ADSL system. The invention has been described 
with reference to specific embodiments. However, one 
of ordinary skill in the art will appreciate that various 
modifications and changes can be made to the present 
invention without departing from the scope of the 
present invention as set forth in the daims below For 
example, ttie specific embodiment has been discussed 
in terms of using the SNRref table of FIG. 2 to deter- 
mine the loading of a bin. One skilled in the art would 
appreciate that other methods of determining bin load- 
ing are capable of being used. Another example of a 
modification anticipated by the of the present invention 
would be to identify and weight multiple subsets of bins 
One skilled in the art would appreciate that the invention 
is equally applicable where other methods of classifying 
bins are used. Yet another example of a modification 
would be to periodically transmit power on some or all of 
the unused bins in order to monitor the SNR of the bin. 
In the claims, means-plus-function clause(s), if any, 
cover the structures described herein that perform the 
recited function(s). The mean-plus-function clause(s) 
also cover structural equivalents and equivalent struc- 
tures that perform the recited function(s). 

Claims 

1. A method for configuring a Discrete Multl-Tone 
communication system, the method comprising the 
steps of: 

performing channel analysis on a plurality of 
carriers; 

allocating data capacity to a portion the plural- 
ity of can-iers, wherein the portion of the plural- 
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ity of carriers having bits allocated to them are 
used carriers and a portion of the plurality of 
carriers not having bits allocated to them 
includes an unused carrier; and 
reducing power to the unused carrier. s 

2. The method of claim 1 , wherein the unused carriers 
do not meet a predefined performance criteria. 

3. The method of claim 2, wherein the predefined per- io 
formance criteria specifies a predefined data rate at 

or below a specified error rate. 

4. The method of claim 2, wherein the predefined per- 
formance criteria specifies a signal to noise ratio is 
below a predefined value, 

5. The method of claim 1 , further comprising: 

a step of sorting the plurality cf can^iers to ere- 2o 
ate a sorted list, where the sorted list is sorted 
according to bit loading capacity; 
the step of performing channel analysis 
includes determining a bit loading capacity; 
and 25 
the step of allocating data capacity to the plu- 
rality off carriers further comprising allocating 
the data to used carriers according to the 
sorted list until all of the data capacity is allo- 
cated, wherein a bin having a greatest bit load- 3o 
ing capacity is completely filled before a bin 
having less than the greatest bit loading capac- 
ity. 

6. The method of claim 5, wherein the step of perform- 3S 
Ing channel analysis further includes the substeps 

of: 

determining a Signal-to-Nolse Ratio (SNR) of 
the plurality of carriers; 40 
providing a SNR reference table indicating a 
amount of SNR needed to transmit a specific 
number of data bits at a predefined Bit Error 
Rate (BER); and 

determining the bit loading capacity based 4S 
upon the SNR of the plurality of carriers and the 
SNR reference table. 

7. The method of claim 5, wherein the step of reducing 
power includes reducing the power to the unused so 
canier by a ratio relative to a used carrier. 

8. The method of claim 5, wherein the step of reducing 
power includes reducing the power to the unused 
earner by specific amount ss 

9. The method of claim 1. 2. 3, 4. 5. 6. 7, or 8 further 
comprising the step of: 



increasing the power to at least one of the used 

carriers, 

1 0. TTie method of claim 9, wherein the step of increas- 
ing the power increases the power by a ratio relative 
to the power allocated to other carriers of the plural- 
ity of carriers. 
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PERFORM CHANNEL ANALYSIS ON SET 
OF N BINS 
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CALCULATE CAPACITY OF EACH BIN 
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SORT CARRIERS GREATEST CAPACITY TO 
LEAST -CAPACITY 
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ALLOCATE DATA TO CARRIERS IN SORTED 
ORDER UNTIL DESIRED CAPACITY IS MET 
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REDUCE POWER ON UNUSED BINS 
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FOR A SET OF CARRIERS N SPECIFY 
A WEIGHTING VALUE FOR A SUBSET OF 
CARRIERS X 


^411 
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